In recent years, a global trend toward the use of natural phytochemicals present in herbs and functional foods as antioxidants was further increased after that it had been reported that some commonly used synthetic antioxidant compounds, such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole, have long-term toxicological effects, including carcinogenicity [1] . Of particular interest as possible sources of natural antioxidants are medicinal plants traditionally used to treat conditions related to oxidative stress, such as rheumatism and inflammation. In this regard, many phytochemicals with diversified biological properties have shown promise for the prevention and/or treatment of all diseases in which oxidative stress plays a key role [2] . Chrozophora senegalensis (Lam) A Juss. ex Spreng, syn. Croton senegalensis (Euphorbiaceae family) is a small tree widely distributed in Mali where it grows wild and is used in folk medicine for the treatment of diarrhea, rheumatism, teniasis, stomachache, rachitis, and venereal diseases. The leaf and root decoctions are also drunk for hairloss [3, 4] . To confirm the use of C. senegalensis in Malian traditional medicine, the extracts of the leaves were evaluated for in vitro antioxidant activity. A bioassay-guided fractionation procedure showed that the methanol extract was the active one, while all the other residues were inactive (data not shown). Subsequent fractionation and analysis of the methanol extract led to the isolation and structural characterization of three new flavonoids (1-3), together with some known compounds, including five flavonoids (4-7 and 9), one phenolic derivative (8) , and three megastigmane glycosides (10) (11) (12) C-DEPT NMR, and elemental analysis. Analysis of 600 MHz NMR spectra suggested a flavonoid skeleton for compound 1. The 1 H-NMR spectrum (Table 1 ) indicated a 5,7-dihydroxylated pattern for ring A (two meta-coupled doublets at δ 6.16 and 6.33, J = 1.5 Hz) and a 3',4'-dihydroxylation pattern for ring B (ABX system signals at δ 6.80, d, J = 8.5 Hz; 7.58, dd, J = 8.5, 2.5 Hz; 7.67, d, J = 2.5 Hz), allowing the aglycon to be recognized as quercetin [5] . The 1 H-NMR spectrum of 1 also showed signals ascribable to sugar moieties and a caffeoyl residue (Table 1) -at m/z 769), 13 C, 13 C-DEPT NMR analyses and was supported also by elemental analysis. Its 1 H-and 13 C-NMR spectra (see Table 2 ) indicated that it was a quercetin 3-methyl ether derivative [5] . Its 1 H-NMR spectrum further displayed signals for two sugar residues that were easily clarified with the help of 1D-TOCSY and DQF-COSY experiments, leading to the identification of one β-D-glucopyranosyl and one α-L-rhamnopyranosyl residue. The configuration of sugar units was determined as reported for compound (C-7), δ 4.74 (H-2'') and 168.7 (COO), and δ 4.80 (H-1''') and 67.5 (C-6''). Therefore, the structure quercetin 3-methyl ether-7-O-α-L-rhamnopyranosyl-(1→6)-(2''-p-coumaroyl)-β-D-glucopyranoside was assigned to compound 2.
Compound 3 was obtained as a yellow amorphous powder and its ESI-MS showed an [M-H]
-ion peak at m/z 591. The molecular formula C 31 H 28 O 12 was confirmed by elemental analysis. In the 1 H-NMR spectrum (Table 2 ) two singlets at δ 6.70 and 3.92, two doublets at δ 6.77 and 6.56 each (1H, d, J = 2.0 Hz), and two o-coupled protons at δ 7.94 and 7.06 each (2H, d, J = 8.5 Hz) were present permitting the identification of the aglycon as apigenin 4'-methyl ether or acacetin [5] 
4'''-methyl ether amenthoflavone (9), roseoside (10), icariside B5 (11), and ampelopsisionoside (12). The preliminary in vitro biological analysis indicated that compounds 1-7 and 9-12 were able to quench DPPH radicals and exhibited a direct scavenging activity on superoxide anion; this radical was in fact produced by the reduction of β-mercaptoethanol, excluding the Fenton-type reaction and the xanthine/xanthine oxidase system (Table 3) . (4), and 4'''-methyl ether amenthoflavone (9) exhibited the highest antioxidant capacity. On the other hand, the potent biological activity of quercetin is largely reported in literature [15] . The hydroxyl radicals generated by the photolysis of H 2 O 2 inhibited the supercoiled DNA (SCDNA). Each value represents the mean ± SD of three experiments. *Significant vs. supercoiled DNA (p<0.001). a concentration that inhibited the ferrozine-Fe 2+ formation by 50%. b n = 6. DTPA (5 μM) and DMSO (1mM) were used as standard; c the result is expressed as % of inhibition.
Fracts or Compds

DPPH
Based on the data obtained from this study, compounds 1, 4, and 9 might also be able to modulate hydroxyl radical formation more efficiently than other compounds acting as direct scavengers and chelating iron. In fact, these natural compounds exhibited a more efficient protection against DNA strand scission induced by . OH radicals generated by UV-photolysis of H 2 O 2 ( (Table 4) .
These data also suggest that the biological effect of C. senegalensis observed from ethnopharmacological studies is due in part to the anti-oxidant action of its active components.
Experimental
General: Optical rotations were measured on a Perkin-Elmer 241 polarimeter equipped with a sodium lamp (589 nm) and a 10 cm microcell. Elemental analysis was obtained from a Carlo Erba 1106 elemental analyzer. UV spectra were recorded on a Perkin-Elmer-Lambda 12 spectrophotometer. A Bruker DRX-600 NMR spectrometer using the UXNMR software package was used for NMR experiments. ESIMS (negative mode) were obtained using a Finnigan LC-Q Advantage Termoquest spectrometer, equipped with Xcalibur software. TLC was performed on precoated Kieselgel 60 F 254 plates (Merck, Darmstadt, Germany); compounds were detected by spraying with Ce(SO 4 ) 2 /H 2 SO 4 (SigmaAldrich, St. Louis, Mo, USA) and NTS (Naturstoffe reagent)-PEG (Polyethylene glycol 4000) solutions. Column chromatography was performed over Sephadex LH-20 (Pharmacia); reversed-phase (RP) HPLC separations were conducted on a Waters 515 pumping system equipped with a Waters R401 refractive index detector and Waters U6K injector, using a C 18 μ-Bondapak column (30 cm x 7.8 mm) and a mobile phase consisting of MeOH-H 2 O mixtures at a flow rate of 2 mL/min. GC analyses were performed using a Dani GC 1000 instrument. A Hitachi U-2000 spectrophotometer (Hitachi, Tokyo, Japan) was used for all antioxidant assays.
